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INSTRUCTIONS TO STUDENTS: 
 
1. Answer all the questions. Questions may be answered in any order as long as each 
answer is clearly numbered. 
 
2. Report all numerical answers to the correct number of significant figures and 
with the appropriate units. Marks will be deducted for incorrect significant figures 
and answers without units. 
 
3. Report pH to 3 decimal digits. 
 
4. The question paper must be handed in with the answer script. 
 
 
QUESTION 1 ELEMENTARY STATISTICS 
 
1.1 Define the terms analyte and replicates. (2) 
 
1.2 Explain the difference between the terms qualitative analysis and 
quantitative analysis and give an applicable example of each to 
illustrate your answer. (4) 
 
1.3 A technician was asked to determine the concentration of benzoic acid 
in a cold drink sample using an analytical instrument. In his study, the 
following results were obtained for ten replicate analyses: 
 257.3; 256.2; 257.7; 253.6; 254.3; 253.2; 256.1; 254.7, 252.2;  
255.8 mg L−1 benzoic acid 
 
 Calculate the following with the aid of a calculator with statistical 
functions: 
 
1.3.1 The mean and median of the set of results. (3) 
1.3.2 The coefficient of variation (CV) of the set of results. (3) 
1.3.3 The percent relative error of the mean, given that the true value is 
255.0 mg L−1. Comment on the results obtained during the analysis. (4) 
 
1.4 Explain the difference between precision and accuracy. (4) 
   [20] 
 
 
QUESTION 2 PREPARATION OF SOLUTIONS; VOLUMETRIC ANALYSIS 
 
2.1 List three types of analytical glassware used in volumetric methods 
(titrations) to measure the volume accurately. (3) 
 
2.2 Describe the preparation of the following solutions: 
 
2.2.1 500.00 mL of a 1500 ppm nitrate solution from a solid sample of lead 
nitrate Pb(NO3)2.  
 [Molar masses (g mol−1): NO3
− = 62.005; Pb(NO3)2 = 331.2] (6) 
 
2.2.2 500 mL of a 1:6 HNO3 solution from concentrated HNO3. (4)  
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QUESTION 2 (continued) 
 
2.3 A commercial bleach solution contains 5.831% (w/v) NaOCl. 
 [Molar mass (g mol−1): NaOCl = 74.44] 
 
2.3.1  Calculate the molarity of NaOCl in the solution. (4) 
2.3.2  Calculate the concentration of NaOCl in the solution in parts per million 
by assuming that the density of the NaOCl solution is 1.00 g mL−1. (3) 
 
2.4 A 600.0 mg sample containing phosphoric acid was diluted with water 
and titrated with 0.05000 M NaOH. The endpoint was reached after 
33.83 mL of titrant was added. Calculate the % (w/w) H3PO4 in the 
sample. 
 
 2 NaOH (aq) + H3PO4 (aq)  → Na2HPO4 (aq)+ 2H2O (l) 
 
 [Molar mass (g mol−1): H3PO4 = 97.997] (5) 
 
2.5 Differentiate between a primary standard and a secondary standard. (3) 
 
2.6 List three desirable properties of standard solutions. (3) 
 
2.7 50.00 mL of 0.1053 M hydrochloric (HCl) was added in excess to  
0.4472 g of an impure calcium carbonate (CaCO3) sample. The excess 
acid was back titrated with 0.1055 M sodium hydroxide, requiring  
37.75 mL of the base to reach the phenolphthalein end point. 
 
 Calculate the weight percentage of calcium carbonate in the sample. 
Remember to give all the balanced chemical equations. 
 [Molar mass (g mol−1): CaCO3 = 100.09] (9) 
 
2.8 Explain the difference between the equivalence point and the end point 
of a titration. (4) 
 
2.9 A volume of 10.00 mL household cleaner solution, containing ammonia 
(NH3), was diluted to 250.00 mL in a volumetric flask and the resulting 
solution was labelled 'Solution A'. A volume of 20.00 mL of Solution A 
was then diluted to 100.00 mL in a volumetric flask and labelled 
'Solution B'. The molar concentration of ammonia in Solution B was 
determined as 0.02352 M.  
 
 Calculate the weight/volume percent of ammonia in the household 
cleaner solution. 
  [Molar mass (g mol−1): NH3 = 17.031] (6) 
   [50] 
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QUESTION 3 AQUEOUS SOLUTION CHEMISTRY; ACID-BASE TITRIMETRY 
 
3.1 Water undergoes autoionization. 
 
3.1.1 Use a reaction equation to explain what is meant by the autoionization 
(autoprotolysis) of water. (1) 
3.1.2 Use the equation in Question 3.1.1 and the ion-product constant of water, 
Kw, to show that water is neutral at room temperature (25ºC). (4) 
 
3.2 Calculate the pH of the following solutions, after writing suitable 
balanced reaction equations for any reactions that occur: 
 
3.2.1 A solution obtained by mixing 30.0 mL of 0.80 M NaOH solution and 
50.0 mL of 0.80 M HF solution. 
 [Ka(HF) = 6.80 × 10
−4] (6) 
 
3.2.2 A 0.0800 M propanoic acid (C2H5COOH) solution. 
 [Ka(C2H5COOH) = 1.34 × 10
−5] (7) 
 
3.3 How many grams of sodium benzoate (NaC7H5O2) must be added to 
200 mL of a 0.500 M benzoic acid (HC7H5O2) solution to produce a 
buffer of pH 4.300? 
 [Ka(HC7H5O2) = 6.28 × 10
−5] 
 [Molar mass (g mol−1): NaC7H5O2 = 144.11] (7) 
 
3.4 Define the term buffer capacity of a buffer and also state when the 
buffer capacity of a buffer will be a maximum. (4) 
 
3.5 A 500.0 mL buffer solution containing 0.0600 M NaOCl and 0.1922 M 
HOCl has a pH of 6.694. Calculate the change in pH of the solution if 
150.0 mL of 0.100 M NaOH is added to this buffer solution. Show all 
calculations.  
 [Ka (HOCl )= 3.00 × 10
−8] (7) 
 
3.6 Consider the titration of 20.00 mL of a 0.100 M ammonia solution with 
a 0.0500 M HCl solution. 
 [Kb(NH3) = 1.80 × 10
−5] 
 
3.6.1 Calculate the pH before adding the HCl solution. (7) 
3.6.2 Calculate the pH at the equivalence point. (10) 
3.6.3 Choose the correct indicator for this titration from the table below and 
motivate your answer. (2) 
 
Indicator pH transition range 
Bromocresol green 3.8 – 5.4 
Bromothymol blue 6.2 – 7.6 
Phenolphthalein 8.3 – 10.0 
 
   [55] 
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QUESTION 4 REDOX TITRIMETRY 
 
4.1 Cerium(IV) and potassium permanganate are both strong oxidizing 
agents used in redox titrations. List two disadvantages of using 
cerium(IV) instead of potassium permanganate in redox titrations. (2) 
 
4.2 Explain the term autocatalysis by using an appropriate example. (3) 
 
4.3 A 8.0212 g portion of an unknown iron(II) salt was dissolved in distilled 
water. The solution was acidified and then diluted with deionized to 
250.00 mL in a volumetric flask. A 25.00 mL aliquot of this solution was 
titrated with a 0.03987 M potassium dichromate solution and required 
33.62 mL to reach the end point.  
 
 6Fe2+ (aq) + Cr2O7
2− (aq)+ 14H+ (aq)→ 6Fe3+ (aq)+ 2Cr3+ (aq)+ 7H2O (l) 
 
 Calculate the weight percent iron in the unknown sample. 
 [Molar mass (g mol−1): Fe = 55.847] (6) 
   [11] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
